The use of subcutaneous tunnelling to prevent movement of epidural catheters was examined in a prospective controlled trial. There were 113 patients in the standard group and 100 in the tunnelled group. The groups were similar with respect to age, sex and weight. There were 176 thoracic catheters, and 37 lumbar catheters. Mean duration of catheterization in the tunnelled group was 3.5±1.3 days and in the standard group, 3.1±1.5 days. In total, 60 catheters moved significantly from their initial position: 17 (28%) moved inwards and 43 (72%) moved outwards. 159 catheters were still functioning at the time of their removal, 76 standard and 83 tunnelled. This represents 67 and 83% of the two groups respectively.
The use of epidural analgesia in the postoperative period has become widespread, and has been documented to have several advantages over conventional intramuscular opioids and possibly over intravenous opioids 1, 2, 3, 4 .
Several large studies have shown that one of the commonest reasons for failure of the technique is premature dislodgement of the epidural catheter 5, 6 , and a survey of over 1000 epidurals used for postoperative analgesia in our own institution revealed that 13% of catheters were accidentally dislodged.
Many methods have been described to attempt to prevent this occurring. Several authors have claimed high degrees of success, but usually at the cost of using an opaque dressing which prevents visual inspection of the insertion site for evidence of site inflammation or catheter movement 4, 7 . In addition, few techniques have been subjected to controlled comparisons.
The method described by Pavy in 1994 8 appeared to offer an alternative technique that would allow secure fixation and visual inspection of the catheter entry site. We decided to conduct a randomized, controlled comparison of the conventional method used at our institution, first described by Duffy in 1982 11 , and a modification of the technique described by Pavy 8 .
METHODS
Our hypothesis was that the use of a standardized skin preparation and dressing technique in combination with subcutaneous tunnelling of the catheter away from the exit site could reduce the incidence of catheter dislodgement. We decided that a clinically significant reduction would be present if we could reduce the incidence of catheter dislodgement from 20%, which was the incidence at the time of commencement of the study, to 10%.
Any patient for whom postoperative epidural analgesia was planned for two or more days was considered eligible for the study. All patients were given an information sheet describing the study and signed a consent to act as a subject in a clinical trial.
The study design included two treatment groups: the conventional treatment group which acted as a control, and the study group who had their epidural catheters tunnelled 6 to 8 cm from the epidural insertion site. The epidurals were inserted by consultant anaesthetists and registrars in training.
Patients were allocated to one of the two treatment groups by means of random numbers encoded on a slip of paper and sealed in an envelope. These were available to any anaesthetist planning an epidural for postoperative analgesia for two or more days. The randomization forms included specific instructions as to the protocol to be followed for each group. A copy of the instructions is included as Appendix 1.
It was decided to modify the technique described by Pavy 8 because of concerns about potential damage to the catheter from the Tuohy needle. We used a technique similar to that described by Rowney 9 and Molnar 10 utilizing a 5 ½ inch 16 gauge cannula (Angiocath 2854) (Becton Dickinson, Infusion Therapy Systems, Sardy, Utah). This technique is simple, quick and cheap, and involves only minor additional discomfort to the patient.
All patients were seen at least daily as a matter of routine by the Acute Pain Service (APS), who collected all data. Catheters were inspected to determine the distance inserted at the skin exit site. Significant outward movement was defined as more than 2.5 cm from the position at insertion. For inwards movement >1 cm was defined as significant. Site inflammation was defined as an area of erythema and induration >5 mm around the skin exit site and/or visible pus. Any catheters meeting these criteria were removed and appropriate specimens sent for microbiology.
The study could not be blinded, but to reduce the chances of bias all the observations were made by an independent observer who was not aware of the previous data.
The chi squared test was used for statistical analysis as advised by the University of Newcastle Department of Clinical Epidemiology.
A paired t test was used to compare the mean ages between those with functioning catheters at removal, and those with nonfunctioning catheters.
A power of 80% to predict the proposed level of change with P< 0.05 could be achieved using a case sample size of 199.
RESULTS
A total of 249 patients were recruited into the study although data were insufficient to allow analysis in 36 of these, leaving 213 patients included in the analysis.
There were 113 patients in the standard group and 100 in the tunnelled group.
The median age in the standard group was 66.5 years and in the tunnelled group 67.6. The ages ranged from 9 years to 86 years. The mean weight in the tunnelled group was 70±19 kg and in the standard group 73±18 kg. The mean duration of catheterization in the tunnelled group was 3.5 ± 1.3 days and in the standard group, 3.1±1.5 days.
There were no significant differences between groups with respect to age, sex, weight, catheter site or duration of catheterization.
Catheter dislodgement appeared to bear no relationship to patient weight or duration of catheterization (Table 1 ).
There were 93 standard and 83 tunnelled thoracic catheters, and there were 20 standard and 17 tunnelled lumbar catheters. The proportion of thoracic catheters reflects the anatomical sites of the surgery performed in our institution. In total 60 catheters moved significantly from their initial position. Of these 17 (28%) movements were inwards and 43 (72%) were outwards.
No significant differences were found between lumbar and thoracic catheters with respect to migration in either direction ( Table 2 ).
In total 159 catheters were still functioning at the time of their removal. The influence of subcutaneous tunnelling is summarized in Table 3 . 
DISCUSSION
Our study shows that subcutaneous tunnelling is effective in reducing clinically significant movement of epidural catheters and is more likely to result in an epidural which remains effective up to the time of its removal.
We also found that epidural catheters fixed as described in our protocol are more likely to move outwards than inwards, regardless of the method used to secure them to the skin.
Both these findings are of interest because they differ from previously published work.
Bishton et al 10 studied 153 women in labour who required epidural analgesia. They identified some degree of catheter migration in 36%. Of these, 13.7% of catheters moved in by 1 to 3 cm and 22.2% moved out by 1 cm or more. All cases of failed epidural block occurred in patients whose catheter had migrated outwards by 2.5 cm or more. None of our patients were in labour and it may be that differences in patient positioning, physiology and activity are responsible for the observed differences.
Mourisse et al 7 studied 25 patients with thoracic epidural catheters placed for analgesia after surgery. They found that 12% of catheters moved outwards, but 56% moved inwards, a finding which surprised them. They commented that this was only possible because of softening of the "Duoderm" dressing at skin temperature. They went on to demonstrate that a given bolus would produce a higher level of blockade when distance at the skin entry site indicated inwards migration, suggesting that the catheter does actually advance into the epidural space as opposed to the tissues superficial to the ligamentum flavum.
In our study we chose to define outwards movement of >2.5 cm as significant because of the association with failure of the technique described by Bishton et al 12 , and, because Mourisse et al 7 had found that inwards migration could be associated with ascending levels of blockade, we chose a more stringent definition for movement in this direction. However, in our experience, although inwards migration may occur, it rarely poses any clinical problem as drug dosage is usually titrated to effect, and the process of tachyphylaxis usually means that block spread decreases with time. There are also theoretical risks of unilateral blockade with inwards catheter movement, but in our study of the twelve instances of unilateral blockade, only two were in patients with inwards movement of the catheter, and indeed four were in patients where the catheter had moved outwards. There were no instances of subarachnoid catheter migration, as might be expected for an event with a prevalence of only 0.1 to 0.2 % 5,13 .
We have chosen to view outwards migration as either significant or nonsignificant rather than as a continuous variable. This is a pragmatic approach, as, if a catheter has only been inserted 3.5 cm into the epidural space, an outwards movement of > 2.5 cm will equate to at least one side-hole outside the epidural space, and is therefore likely to have significant clinical impact.
Bougher et al 14 conducted a prospective randomized study to determine the effect of tunnelling on epidural catheter migration in 82 patients having postoperative epidural analgesia. They found that 13% of catheters migrated inwards by 1 cm or more and 35% migrated outwards by 1 cm or more. This compares with our study in which 7.6% moved >1 cm inwards and 20% moved >2.5 cm outwards. They also reported no significant correlation between catheter movement and patient weight or duration of catheterization. They chose to examine the ability of tunnelling to maintain catheter position within 0.5 cm of the original, rather than a more clinical goal such as the 2.5 cm chosen for our study, and they were unable to demonstrate a significant difference for outwards movement , although they did demonstrate a greater than 20% reduction in the incidence of inwards catheter migration. We also found no significant difference in mean weight between those in 149 SUBCUTANEOUS TUNNELLING OF EPIDURAL CATHETERS Anaesthesia and Intensive Care, Vol. 26, No. 2, April 1998 whom no catheter movement occurred and those in whom there was significant inwards or outwards catheter movement. Jong and Kansen 15 retrospectively reviewed complications of epidural catheters placed in their population of cancer patients. They were comparing percutaneous catheters with catheters with subcutaneous injection ports, but of the 198 percutaneous catheters, 41 were tunnelled for between 10 and 30 cm. They found that 22% of the tunnelled catheters became dislodged from the epidural space compared with 20.8% of the nontunnelled group. This finding may be explained by many factors including population differences, catheter differences and the much longer duration of treatment.
Another potential benefit of a subcutaneous tunnel is that when properly performed it increases the separation of the skin exit site from the epidural space. This is thought to reduce the potential for bacterial contamination via the epidural catheter to cause epidural abscess formation 8 . We were unable to show a difference between the tunnelled and standard groups in the incidence of site inflammation. No patients in either group developed an epidural abscess, but given the rarity of this event, it would be extremely difficult to conduct a trial with sufficient power to detect any difference which may exist. However, at least in this small study where catheter sites were inspected daily and catheters removed when the criteria for site inflammation were met, there was no clinical evidence of inflammation spreading subcutaneously towards the initial puncture site in the tunnelled group.
CONCLUSION
Our study showed that tunnelling 6 to 8 cm from the insertion site is able to reduce clinically significant outwards movement of epidural catheters. Of the standard group catheters, 29% moved outwards >2.5 cm, compared with 10% of the tunnelled catheters, a highly significant result both clinically and statistically. In addition, 83% of the tunnelled group were still functioning at the time of their removal, compared with 67% of the standard group. There was also a reduced incidence of inwards catheter movement from 12% in the standard group to 4 % in the tunnelled. There was no clinically significant movement in either direction in 86% of the tunnelled catheters compared with 59% in the standard group. Tunnelling was also shown to be more likely to result in a functional epidural block at the time of removal .
